A c c e p t e d M a n u s c r i p t Southern Ocean keeps the deep ocean cold, counter-acting the downward mixing of heat from 23 the warmer surface waters in the bulk of the world ocean. Therefore, periods of strong Atlantic 24 Meridional Overturning Circulation (AMOC) are expected to coincide with cooling of the deep 25 ocean and warming of the surface waters. It has recently been proposed that this relation may 26 have reversed due to global warming, and that during the past decades a strong AMOC coincides 27 with warming of the deep ocean and relative cooling of the surface, by transporting increasingly 28 warmer waters downward. Here we present multiple lines of evidence, including a statistical 29 evaluation of the observed global mean temperature, ocean heat content, and different AMOC 30 proxies, that lead to the opposite conclusion: even during the current ongoing global temperature 31 rise a strong AMOC warms the surface. The observed weakening of the AMOC has therefore 32 delayed global surface warming rather than enhancing it. 33 Social Media Abstract 34 The overturning circulation in the Atlantic Ocean has weakened in response to global warming, 35 as predicted by climate models. Since it plays an important role in transporting heat, nutrients 36 and carbon, a slowdown will affect global climate processes and the global mean temperature. 37 Scientists have questioned whether this slowdown has worked to cool or warm global surface 38 temperatures. This study analyses the overturning strength and global mean temperature 39 evolution of the past decades and shows that a slowdown acts to reduce the global mean 40 temperature. This is because a slower overturning means less water sinks into the deep ocean in 41 the subpolar North Atlantic. As the surface waters are cold there, the sinking normally cools the 42 deep ocean and thereby indirectly warms the surface, thus less sinking implies less surface 43 warming and has a cooling effect. For the foreseeable future, this means that the slowing of the 44 overturning will likely continue to slightly reduce the effect of the general warming due to 45 increasing greenhouse gas concentrations. 46 1 Introduction 47 Variations in the Atlantic Meridional Overturning Circulation (AMOC) can change Northern 48 Hemisphere and even global surface temperatures (Stolpe et al., 2018 , Knight et al., 2005 . Most 49 model studies have shown that an AMOC decline, in response to increased CO2 concentrations, 50 weakens the poleward ocean heat transport, increases the ocean heat uptake (Rugenstein et al., 51 2013) and therefore diminishes global warming. Yet a recent study, analysing observations of the 52 last decades (Chen and Tung, 2018), challenged this finding and came to the conclusion that a 53 weak AMOC can lead to more rapid surface warming. In the following we show that the 54 observational and reanalyses data analysed in this study are fully consistent with the previously 55 established understanding, i.e. that the correlation between AMOC strength and global surface 56 warming is (at inter-annual to decadal timescales) negative and that over the last decades a 57 weaker AMOC likely acted to delay global surface warming. 58 Chen and Tung (2018) base their idea that global surface warming in the next decades may be 59 enhanced by a weaker AMOC on the concept that as a consequence of an AMOC weakening less 60 heat can be carried into the deep ocean via deep convection. This central claim was supported by 61 a visual comparison of the time series for AMOC strength and global surface warming over the 62 last decades (Chen and Tung (2018), figure 3) and rests primarily on the period from 63 Page 2 of 12 AUTHOR SUBMITTED MANUSCRIPT -ERL-107616 .R2   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 A c c e p t e d M a n u s c r i p t during which the AMOC was in a relatively weak state, which coincided with a period of rapid surface warming. They conclude that in recent decades a weakened AMOC warmed the surface 65 by bringing less heat into the deep North Atlantic. Furthermore they argue that this mechanism 66 explains why the trend in ocean heat content in the North Atlantic Ocean went from positive to 67 negative when comparing two time spans of an increasing (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) and a decreasing 2016) AMOC, explaining this change in the ocean heat content by a change in the vertical heat 69 transport into the ocean driven by the AMOC: "Deep convections can now carry more heat 70 downward" (Chen and Tung, 2018) . This suggested mechanism is unlikely to operate in the 71 northern Atlantic, since convection there is thermally driven: convective mixing results from 72 static instability due to colder water overlying warmer water. It therefore transports heat upwards 73 in the water column, not downward, balancing the oceanic heat uptake occurring over large areas 74 of the ocean by turbulent diffusion (e.g. Drijfhout, 2015 , Winton, 1995 . 75 To investigate the relationship between overturning strength and changes in the global mean 76 surface temperature (GMST), we perform a correlation analysis of the two time series. We 77 therefore revisit the analysis of Chen and Tung (2018) and investigate the relationship between 78 the detrended GMST evolution and different indices for the AMOC strength. This correlation 79 analysis shows that the data they present do not support the conclusion that an AMOC 80 weakening currently enhances global surface warming. We furthermore extend the analysis with 81 a second method that accounts for the variability of the radiative forcing as well as feedback 82 processes in the Earth system, yielding very similar results. These results are in agreement with 83 the understanding that a weaker AMOC increases the global ocean heat uptake and therefore has 84 a cooling effect on the global surface temperature. Additional support to this conclusion is 85 provided by the fact that the recent decline of the AMOC (Smeed et al., 2014) coincided with an 86 increase in the ocean heat uptake rate. 87 2 Data 88 To ensure that differences in the results between this study and that of Chen and Tung (2018) are 89 not due to differences in the underlying data we used the same global mean temperature time 90 series, the same AMOC proxies and the same time series for the ocean heat content (OHC). The 91 latter is extended by the improved OHC estimates by Cheng et al. (2017) . 92 2.1 Global mean surface temperature, forcing time series and feedback parameter 93 We start by considering the temperature evolution in the light of the global energy balance. For 94 this purpose we use the median of the HadCRUT4.6 data (Morice et al., 2012) that provides an 95 estimate of the global mean surface temperature anomaly since 1850 with respect to 1961-1990. 96 For the changes in the radiative forcing we use a time series that combines the known individual 97 forcing data sets (greenhouse gases, ozone, solar irradiance, land use, snow albedo, orbital 98 parameters, direct and indirect effect of tropospheric aerosols and volcanic aerosols) that are 99 used to drive the CMIP5 historical simulations and represents all changes in both the natural and 100 anthropogenic forcing from 1850 until 2012 (Miller et al., 2014) . For our analysis we need to 101 consider the temperature difference ΔT relative to the preindustrial equilibrium state. Therefore, 102 both GMST and forcing anomaly are given relative to the year 1850. Since we also account for 103 the feedback response of the Earth system to an initial temperature change, we need to estimate 104 the strength of this response, i.e. the feedback parameter λ. As a best estimate we chose a 105 feedback parameter of λ = 2.3 ± 0.7 W K -1 m -2 that was determined for the period 1979-2008 106 Page 3 of 12 AUTHOR SUBMITTED MANUSCRIPT -ERL-107616 .R2   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 A c c e p t e d M a n u s c r i p t across an ensemble of 19 AGCMs (Gregory and Andrews, 2016). However, there is a growing understanding that the Earth's climate sensitivity is time-scale dependent, as the different climate 108 feedbacks act on different time scales. An ensemble study based on the analysis of a modified 109 energy balance model, constrained by observations and the outputs from the CMIP5 models, 110 give a feedback parameter of 1.9 ± 0.3 W K -1 m -2 for intra-annual scales that decreases to around 111 1.5 ± 0.3 W K -1 m -2 and 1.3 ± 0.3 W K -1 m -2 on response time scales of 10 and 100 years, 112 respectively (Goodwin, 2018) . We therefore tested the correlation between AMOC changes and 113 surface warming with the following values for the feedback parameter: λ=1.3, 1.5, 1.9, 2.3, 3.0 114 W K -1 m -2 as well as for a counterfactual case where we neglect all radiatively forced surface 115 temperature changes. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 A c c e p t e d M a n u s c r i p t cm dT/dt = ΔQrad -ΔQoceanλ ΔT (1) 149 Here, T is the global mean surface temperature, cm is the effective heat capacity of the system 150 (dominated by the ocean mixed layer), Qrad the radiative forcing and Qocean the vertical heat 151 transport across the bottom of the ocean mixed layer e.g. through diffusion (fluxes are positive 152 downward) (Brown et al., 2014) . Δ indicates differences to a previous equilibrium state (e.g. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 . Values that are significant at the 5%-level are shown in boldface.
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